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(54) MUCOSAL PREPARATION CONTAINING PHYSIOLOGICALLY ACTIVE PEPTIDE 



(57) A preparation for transmucosal administration 
admixed with at least absorption promoter and vasodila- 
tor in physiologically active peptide is provided. Absorp- 
tion of the physiologically active peptide can be 
increased by combining the peptide with absorption 



promoter and a compound having vasodilating activity. 
Accordingly auto-administration can be performed by 
the patients without pain of injection. It is useful for long 
term administration of physiologically active peptide. 
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Description 



FIELD OF THE INVENTION 

The preserrt invention relates to a preparation of peptide for transmucosal administration containing, at least 
absorption promotor having absorption promoting action tor the physiologically active peptide on nasal mucosa or rectal 
mucosa and a compound having vasodilate action. More particularly, the present invention relates to such the prepa- 
ration of peptide for transmucosal administration having useful effects on medical care by absorbing the physiologically 
active peptide effectively through mucosa. 



Physiologically active peptide such as insulin and calcitonin are conventionally administered in the form of injec- 
tions. However, administration by the injections requires patients on ambulatory care with pain, and a preparation which 
can be administered by self-medication is desired. 

Oral administration of the physiologically active peptides, which are poorly absorbed from digestive tract, involves 
decomposition of peptide by proteinase and first-pass effect in the liver, and has been of no practical use. 

Recently, there have been many attempts to solve these problems for increasing absorption through nasal mucosa 
or rectal mucosa using preparations for transmucosal administration with various absorption promoters. 

Nasal administration preparation with an absorption promotor has been tried, and such nasal administration prep- 
arations utilizing a salts of cholic acid having surface active agent action, for example sodium taurocholic acid, sodium 
cholic acid, sodium deoxychdic acid, sodium chenodeaxycholic acid, lysine chenodeoxycholic acid, sodium gjrycocholic 
acid, sodium grycodeoxychoJic acid and lysine taurocholic acid (Japanese Patent Unexamined Publication No. 59- 
130820, EP-A- 11 5.627, Japanese Patent Unexamined Publication No. 1-228919 and U. S. Patent 5.149.537), cation 
surface active agent for example ethyl enecobde additive long chain amine condensate and qurternary ammonium com- 
pounds such as cetylthmethylammonium bromide or dod ecyl methylammonium bromide, anion surface active agent for 
example salt of alkylbenzene sulfonate, salt of N-acyi-n-alkyl taurtc acid and salt of a-oJef insuffonate. or non-ionic sur- 
face active agent, for example poJyoxyalkylene higher alcohol ether and pofyaikylene alkytphenols (Japanese Patent 
Unexamined Publication No. 4-247034) have been reported 

A preparation for transmucosal administration using absorption promoters acting through nasal mucosa or rectal 
mucosa, for example salt of glycyrrhizic acids such as diammonium glycyrrhizic acid and alkaline salt of glycyrrhizic 
acid (mono- or di -sodium, or mono- or di-potassium salt) (Japanese Patent Unexamined Publication No. 2-42027 and 
ibid. No. 3-5427), cydodextrins such as a-cyclodextrin, p-cyckxJextrin, y-cyc1odextrin, mono- or di-methylated cydo- 
dextrin ( a-, 0- or y-) (Japanese Patent Unexamined Publication No. 58-1891 18 and EP-A-No. 94157). Oacyl-L-cami- 
tines having acyf of C 8 . 18 (Japanese Patent Unexamined Publication No. 63-10735 and EP-A-No. 2 15697), or chelating 
agents, polyacrylate gel and sodium caphc acid (U. S. Patent 4,476.116) has been reported. 

Azacycloalkane derivatives of the formula C 1 ) 



wherein R is an alkyl. m is an integer of 2 - 4 and n is an integer of 1 - 15, provided that R is an alkyt with a carbon 
number of 5 - 1 1 in case where n is 1 - 3 was known as the superior absorption promotor (Japanese Patent Unexamined 
Publication No. 62-238261). 

Examples of absorption promoters such as cholic acids and fusidic acid derivatives are known [J. Japan. Diab. 
Soc.. 20 (2); 146 - 152, 1977. Proc. Natl. Acad. Sd. U.S.A. 82 (21); 7419 - 7423. 1985 and Pharm Res.. 9(1); 52 - 57, 
1992]. However these preparations are not satisfactory due to inferior absorbability and local irritation and are yet prac- 
tically employed. Accordingly, superior absorbability of peptide is a key to the practical use. 



PRIOR ARTS 




CI) 



(CH 2 ) m-N- (CH 2 ) n-S-R 
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PRQBI^Mg TQ B§ SQIYEP BY THE INVENTION 

The present invention relates to a preparation for transmucosa! administration having superior absorbability of 
physiologically active peptide through nasal mucosa oral mucosa, pulmonary mucosa, rectal mucosa, vaginal mucosa, 
5 ocular mucosa and digestive tract mucosa in order to exhibit sufficient pharmacological effects, without detrimental 
action on mucosa. 

MEANS FOR SOLVING THE PROBLEMS 

i o We have found that, as a result of extensive studies for development of preparation for transmucosal administration 
containing physiologically active peptide with superior absorbability and safety and less side-effect a combination of 
the known absorption promoter and the vasodilator such as calcium channel blocker or prostaglandin El. isosorbide 
dinitrateor nitroglycerin showed unexpectedly improved increased absorbability. The present invention has been com- 
pleted by the above facts. 

is An object of the present invention is to provide a preparation for transmucosal administration containing physiolog- 
ically active peptide comprising of a combination of physiologically active peptide and a known absorption promotor and 
a vasodilator This is a completely unexpected result presumed from the prior arts because of being known nothing or 
few activity of vasodilator on absorption promoting action through mucosa. 

The absorption promotor used in the present invention is a general term for changing btomernbrane permeabiliiy, 

20 increasing tip absorbaliiity and increasing up bioavailability of the drugs, and has promoting action for absorption of 
physiologically active peptide on nasal mucosa or rectal mucosa. The absorption prom otor used in the present inven- 
tion exhibits improvement in absorbability at above 200 %. preferably above 500%. in case of physiologically active 
peptide insulin absorption from nasal mucosa or rectal mucosa as compared with absorbability without such the 
absorption promotor. 

25 Examples of the absorption promotor are known absorption promotor having absorption promoting action for phys- 
iologically active peptide on nasal mucosa or rectal mucosa Such the examples are compound having surface active 
agent action, for example sodium taurochofic acid, sodium chofic acid, sodium deoxycholic acid, sodium chenodeoxy- 
cholic acid, lysine chenodeoxychofic acid, sodium glycocholic acid, sodium gjycodeoxycholic acid and lysine tauro- 
cholic acid, cation surface active agent, for example ethyleneoxide additive long chain amine condensate and tertiary 

30 ammonium compounds such as wtyttrimethylammormjm bromide or dodecylmethylamrnonium bromide, anion surface 
active agent, for example salt of alkyfbenzene sulfonate, salt of N-acyl-n-aflkyl tauric acid and salt of a-def rnsurfonate, 
non-ionic surface active agent, for example polyoxyalkyf ene higher alcohol ether and potyalkytene alkytphenote, salt of 
glycyrrhizic acids such as diammonium glycyrrhizic acid and alkaline salt of glycyrrhizic acid (mono- or dhsodum. or 
mono- or di -potassium salt), cydodextrins such as a-cydodextrin, p-cydodextrin. ycydodextrin, mono- or dhmethyi- 

35 ated cydodextrin (a-, p- or r). O-acyt-L-carnrtines having acyf of C g. 18 . or chelating agents, poryacrytete gel and 
sodium caphc acid. 

Further preferable examples of absorption promoters are. for example one or more compound selected from the 
group consisting of salt of choiic acid, salt of fusidic ackt salt of glycyrrhizic acid, salt of O-acyl-L-camitin, phospholip- 
ids, non-ionic surface active agents, cyctodextrins, higher fatty adds, 1 -aJkyi-2-pyrrolidone derivatives, 1 -dodecylazacy - 
40 do heptane-2-one (Azone). bacitracin, sodium azulene sulfonic add and azacycJoalkane derivatives of the formula ( 1 ) 
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(CH 2 ) m-N- (CH* ) n-S-R 



wherein R is an alky!, m is an integer of 2 - 4 and n is an integer of 1 - 15. provided that R is an alkyt with a carbon 
55 number of 5 - 1 1 in case wherein n is 1 - 3. 

Examples of choiic acid salts are one or more compounds selected from the group consisting of sodium taurochotic 
acid, sodium glycocholic acid and sodium deoxycholic acid. 

Examples of fusidic acid salts are one or more compounds selected from the group consisting of sodium fusidic 
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acid and sodium tauro 24, 25-dihydrofusidic acid. 

Examples of grycyrTtizic acid salts are one or more compounds selected from the group consisting of sodium gry- 
cyrrhizic acid and sodhmi 3-sucdnyJoxygrycyrrhizic acid (carbertoxdon). 

Examples of Oacyl-L-camrtin salts are, for example O-acyl-L-camitins of acyi C ^g, preferably O-octanoyl-L-car- 
nitin hydrochloride, O-lauroyl-L-camrtin hydrochloride and Opalmrtoyl-L-camrtin hydrochloride. 

Examples of phospholipids are one or more compounds selected from the group consisting of phosphatidylcholine 
(lecithin), lysophosphatidyl choline (lysolecithin) and lysophosphatidylglycerd. 

Examples of non-ionic surface active agents are one or more compounds selected from the group consisting of 
polyoxyaikylene higher alcohol ethers, potyoxyalkylene alkylphenols and sucrose fatty acid esters, and are preferably 
polyoxyethylene (9) lauryt ether (Laureth-9) and polyoxyethylene (24) cholesterylether (Choleth-24). 

Examples of cydodextrins are one or more compounds selected from the group consisting of a-cyctodextrin, p- 
cydodextrin, y-cyclodextrin, and cS-methyl- p-cydodextrin. 

Examples of higher fatty adds are one or more compounds selected from the group consisting of C , 6 -2o ktty acids 
and are preferably higher C 18 unsaturated fatty acid of deic add. linoleic acid and lino-lenlc acid. 

Examples of 1 -al kyl-2-pyrrdidone derivatives are one or more compounds selected from the group consisting of 
compound having C 4 . 12 a Iky I which are one or more compounds selected from the group consisting of butyl, pentyl. 
hexyt. heptyi, octyl, nonyi, decyl, undecyl and dodecyL 

Examples of R in azacydoalkane derivative C 1 ) are straight or branched alkyl such as methyl, ethyl, propyl, butyl, 
perrtyf. hexyl, heptyi, octyl. nonyl, decyl, undecyl, dodecyt, tridecyl, tetradecyl, pentad ecyl, hexadecyl, heptadecyl, octa- 
decyi, nonadecyi or etcodecyl. and preferably 1 - [2-(decyltHo) ethyl] azacydopentane-2-one (generic name: pyrothio- 
decane, dly substance), wherein R is C ^ alkyl, m is 2 and n is 2 in the formula C 1 ) . 

Any compounds having absorption promoting activity on mucosa can be included in the present invention, and are 
not limited in the above. 

Absorption promoter used in the present invention is preferably high safety and is 1- [2-{decylthio) ethyl] azacy- 
dopentane-2-one, glycocholic acid. lysoiecrtNn or sodium azulane sulfonic acid. 

The most preferable absorption promoter used in preparation for transmucosal administration of the present inven- 
tion is 1 - (2-(decytthio) ethyl] azacyctaperrtane-2-one or lysolecithin. Amount of these compounds in the preparation is 
0.01 -5 weight %. 

Emulsion containing azacydoalkane derivative of the formula CD, preferably 1 - [2-(decyttrio) ethyl] azacydopen- 
tane-2-one. preferably contains 0.01 - 10 % (w/v), preferably 0.1-5% (w/v) of glycyrrhizin or salt thereof, such as 2- 
potassium salt. 

Vasodilators used in the present invention are compound of molecular weight 200 - 700 such as calcium channel 
blocker. Generally, calcium channel blocker shows vasodilating action and prolonged action of atrioventricular conduc- 
tion time by suppressing influx d Ca into cells to show effect on hypertension and arrhythmia and is used for treatment 
of various circulatory dteeases. 

Examples thereof are benzodiazepine derivative such as diitiazem hydrochloride, phenytalkyiamine derivative such 
as verapamil hydrochloride and bepridil hydrochloride, dihydrcpyridine derivative such as nifedipine hydrochloride, 
nicardipine hydrochloride and nimodipine hydrochloride, piperazine derivative such as ctnnarizne and flunanzine and 
fasudil hydrochloride. 

Other strong vasodilators are rsosorbrie di titrate, nitroglycerin and prostaglandin El . Isosofttde dinitrate and nitro- 
glycerin have been used in the form of injection, peroral and tape preparation for treatment of ischemic heart disease 
and angina, Mechanisms of action thereof are direct action on vascular smooth musdes to show vasodilating action, 
and are to expand coronary artery to reduce coronary resistance as well as to expand collateral pathway to increase 
oxygen supply in ischemic cardiac musde to improve cardiac function. Prostaglandin E1 has strong vasodilating activity 
and platelet aggregating inhibitory activity and is clinically used for treatment of hemostatic ulcer complicated with 
chronic arterial occuteive disease. 

Vasodilator used in the present invention are not limited within the scope hereinabove, and any compounds having 
vasodilating action can be used in the present invention. 

Compound having vasodilating activity used in the present invention is generally commercially available pharma- 
ceuticals used for treatment of circulatory diseases, and is added in preparation tor local administration in mucosa. In 
this case, amount of addition of vasodilator as an additive is not Hmrted if such vasodilator shows effective absorption 
of physiologically active peptide, and is preferably below 1/2 amount of minimum effective dose of the vasodilator, more 
preferably below 1/5 amount For example, a minimum usual dose of diitiazem hydrochloride rs 10 mg and is preferably 
used as an additive of the present invention below 1 12 amount (hereof, more preferably below 1 /5 amount A minimum 
usual dose of prostaglandin E 1 injection is 20 ug. and is preferably used as an additive of the present invention below 
1/2 amount (1 0 ug) thereof and more preferably below 1/5 amount (4 ug). Minimum limited amount may be above 0.1 
Mg. preferably above 1 ug in a dosage regimen. 

Physiologically active peptide used in the present invention are peptide consisting of more than 3 amino acids, of 
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which molecular weight about 300 - 10.000. Examples of the peptide are insulin, calcitonin, human PTH (1 • 34), calci- 
tonin gene related peptide (CGRP), angiotensin II. vasopressin, desmopressin acetate, buseretin acetate, goserefin 
acetate, nafaretin acetate, leuprorelin acetate, somatostatin, glucagon, oxytocin, secretin. LH - RH, ACTH, TRH. TSH. 
ANP or derivatives containing synthetic or semisynthetic compound thereof. 
5 Calcitonin includes, for example natural calcitonin such as eel calcitonin, salmon calcitonin, human calcitonin, por- 
cine calcitonin and chicken calcitonin, and semisynthetic calcitonin such as ASU w eel calcitonin (elcatonin) or ASU 1 * 
7 chicken calcitonin. Examples of insulin are human insulin, porcine insulin or bovine insulin. 

Most preferable peptides used in the present invention are elcatonin and human insulin. 

Formulation of the preparation for transmucosal administration of the present invention is explained hereinbelow. 
io Amount of physiologically active peptide in the preparation of the present invention can be selected by an activity 
of the peptide and necessity of dosage amount, and depends on absorbability of the peptide from nasal mucosa. For 
example, preferable concentration of aqueous preparation of physiotogicaDy active peptide in the preparation for trans- 
mucosal administrations 0.000001 - 5% (w/v) and more preferably 0.00001 - 1% (w/v). 

The preparation for transmucosal administration of the present invention can be applied on nasal mucosa, oral 
is mucosa, pulmonary mucosa, rectal mucosa, vaginal mucosa and ocular mucosa. In the preparation, formula can be a 
solution, solid or semi-solid form, and is preferably aqueous preparation for spray or drop, or suppositories. Aqueous or 
suppository preparation contains water soluble or oily base ingredients such as cf stilled water, glycerin, propylene gly- 
col. Witepsol. cacao butter, soybean oil. neutral fatty acid triglyceride or polyvinylpyrrolidone. 

Aqueous preparation can be prepared by containing physiologically active peptide, one or more absorption promo- 
20 tors selected from the above and one or more vasodilators selected from the above, and rf required adding suitable 
amount of pH adjusting agent tonicity agents, preservatives, stabilizers, solubilizers or emufsifiers, and 60»ubiHzing or 
emulsifying thereof with addition of suitable amount of distilled water to prepare solution or emulsion. tf stability is 
required, solid preparation can be prepared by lyophilized or spray dried. 

A pH of the preparation can be selected not to affect stability of physiologically active peptide, within less damage 
25 to nasal mucosa and without preexcitation. Preferable pH is generally pH 4 - 8. Examples of pH adjusters are sodium 
hydroxide, potassium hydroxide, sodium carbonate, sodium hydrogen carbonate, hydrochloric acid, suffric acid or buff- 
ers such as phosphate, acetate, lactate or citrate. Osmotic pressure is preferably isotonic. 

Examples of tonicity agent are glycerin, sodium chloride, manrtol and glucose. Pharmacologically acceptable pre- 
servatives can be used. Example thereof are methyl parahydroxybenzoate, ethyl parahydroxybenzoate, propyl parahy- 
30 droxytoeruoate, butyl pararrydroxybenzoate, benzajkonium chloride, benzethonium chloride, phenylethyl alcohol, 
chkxobutanoi. phenol, cresoi. thimerosal, dehydroacetic acid and sorbicactd. Preferable concentration of the preserva- 
tives depends on the selected preservative and is 0.01 % - 2 % (w/v). 

Production of preparation of the present invention can be performed by conventional means. Aqueous preparation 
can be prepared, for example by adding water for injection to insulin, lysolecrthin, prostaglandin El and additives here- 
35 inbefore with stirring to sol utilize, and adjusting pH by adding pH adjuster such as sodium hydroxide or hydrochloric 
acid. Trie solution is filtered asepbeady through, for example 0.22 urn membrane titer, and is filled in vials (Sanvagon 
Corp, U-SAVE) to prepare aqueous preparation. 

Dosage depends on a purpose of administration. Preparation for nasal administration can be administered in 
human using constant sprayer (0.05 -0.1 ml per one pushing) into one side or both nasal cavity, 1 - 3 times in a day. 
40 Preparation for administration through rectal mucosa or vaginal mucosa can be prepared by adding necessry 
amount of Witepsol, cacao butter, macrogcf propylene glycol or glycerin. 

Administration route of the preparation of the present invention is in general performed by spray drying into mucosa 
for systemic action. The preparation of the present invention adheres to the wide area of mucosa and is completely per- 
meate through mucosa to distribute peptide systemicaUy. Accordingly, the preparation containing peptide for transmu- 
45 cosaJ administration of the present invention has no problems of pains in patients caused by injection, and auto- 
administration can be posstte. 

Also the preparation can be prepared for transmucosal administration through nasal mucosa, pulmonary mucosa, 
rectal mucosa, vaginal mucosa and ocular mucosa. 

so BRIEF EXPLANATION OF THE DRAWINGS 

Rg. 1 : Proffle of serum levels after nasal administration of elcatonin. 
Fig. 2 : Absorption ratio (%) on subcutaneous injection of elcatonin (AUG). 
Fig. 3 : Proffle of serum levels after nasal administration of human insulin. 
55 Rg. 4 : Proffle of serum levels after nasal administration of human insulin. 
Fig. 5 : Proffle of serum levels after nasal administration of LH - RH. 
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EMBODIMENTS OF THE INVENTION 



Following examples and referential examples illustrate the present invention but are not construed as limiting. Fur- 
ther following experimental examples illustrate effect of the present invention. 

5 

REFERENTIAL EXAMPLE 1 



Sodium glycocholic acid (SGC : Sigma Corp.. U.S.A.) 5 mg was dissolved in isotonic phosphate buffer solution pH 
6.0. 1 ml. The solution 1 ml was added in eJcatomn 400 units/vial (lyophilized) to prepare elecatonin 400 units/ml sdu- 
10 tion (control!). 



REFERENTIAL EXAMPLE 2 



Dittazem hydrochloride (DTZ : Sigma Corp, U.S.A.) 10 mg was dissolved in isotonic phosphate buffer solution pH 
15 6.0. 2 ml. The solution 1 ml was added in elcatonin 400 units/vial (lyophHized) to prepare elecatonin 400 units/ml solu- 
tion (control 2). 



EXAMPLE 1 



20 Oiitiazem hydrochloride (DTZ : Sigma Corp., U.S.A.) 10 mg was dissolved in 0.5 % sodium glycocholic acid aque- 
ous solution (pH 6.0 isotonic phosphate buffer solution) 2 ml to prepare solution containing 0.5 % SGC and 0.5 % DTZ 
The solution 1 ml was added in elcatonin 400 units/vial (lyophHized) to prepare elecatonin 400 unrtsAnl solution. 



EXAMPLE? 

25 

Verapamil hydrochloride (VP : Sigma Corp.. U.S.A.) 10 mg was dissolved in 0.5% sodiuim glycocholic acid solution 
2 ml. which was prepared by dissolving previously N-vmy!-2-pyrrolidon (Wato Pure Chem. Ca. Japan) 50 mg and 
sodium glycocholic acid (SGC : Sigma Corp.. U.S. A.) 5 mg in isotonic phosphate buffer pH 6.0. 1 ml. to prepare solution 
containing 0.5 % SGC and 0.5 % VP. The solution 1 ml was added in elcatonin 400 units/vial {ryopNSzed) to prepare 
30 elecatonin 400 units/mi solution. 



EXAMPLE 3 



Bepndil hydrochloride (BP : Sigma Corp.. U.S.A.) 10 mg was dissolved in 0.5 % sodiuim glycocholic acid solution 
35 2 ml. which was prepared by dissolving previously N-vinyl-2-pyrroIidon (Waho Pure Chem. Ca. Japan) 100 mg and 
sodium glycocholic acid (SGC : Sigma Corp., U.S.A.) 5 mg in isotonic phosphate buffer solution pH 6.0. 1 mJ, to prepare 
solution containing 0.5 % SGC and 0.5 % BP. The solution 1 ml was added in elcatonin 400 units/vial (lyophiized) to 
prepare elecatonin 400 units/ ml solution. 



40 EXAMPLE 4 



Fusidil hydrochloride (FS : Asahi Chem. Co.. Japan) 10 mg was dissolved in 0.5 % sodiuim glycocholic acid aque- 
ous solution (pH 6.0 isotonic buffer solution) 2 ml to prepare solution containing 0.5 % SGC and 0.5 % FS. The solution 
1 ml was added in elcatonin 400 units/vial (fyophilized) to prepare elecatonin 400 unrtsAnl solution. 

EXPERIMENT 1 



In vivo absorption of elcatonin by rats : 



so [in vivo experiment] 



Wistar rats, male (Japan SLC. body weight 200 - 250 g). fasting overnight. 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Ca, Japan). 

Polyethylene tube was inserted into the trachea by incised in the corvex Tube was inserted into postnasal space 
55 after esophageal incision. Administration was conducted by pouring drug solution 25 jd prepared in use using microp*- 
pette into the right nans. Blood sample 200 ui was collected from femoral vein time dependency before and after admin- 
istration of drug. Blood sample was centrifuged (15.000 rpm/10 minV5 0 C) and stored at -30 °C before analysis. 

Elcatonin 20 units/ml (in physiological saline) 0.25 ml was subcutaneousiy administered for comparison with 
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absorption rate (comparison 1 ). 
QUANTITATIVE- ME THOD 
5 Blood level was assayed by RIA. 
RESULT 

Time dependent curve of serum eicatonin is shown in Fig. 1 . 
io Significant increase in serum eicatonin level was observed in the administration group {▲-▲) in example 1 . in which 
eicatonin, 0.5 % sodium glycocholic acid and 0.5 % diltiazem hydrochloride were added, as compared with control 
group 1 containing eicatonin and 0 5 % sodium glycocholic acid (■-■). About 3.6 folds increase in eicatonin absorption 
through nasal mucosa were observed by comparing area under the curve (AUC) of the experimental group with the 
control 1 . Almost no absorption through nasal mucosa was observed in the administered poup of control 2 (•-•) con- 
is taining eicatonin and diltiazem hydrochloride. Therefore; diltiazem hydrochloride per se has no absorption promoting 
action. In conclusion, combination of absorption promoter sodium glycocholic acid and diltiazem hydrochloride, a 
vasodilator of calcium blocker, shows excellent absorption promoting action. Further, administration group of verapamil 
hytflrochloride (Fig. 1,0*0). bepridil hydrochloride (Fig. 1, a-a) and fasudil hydrochloride (Fig. 1. cho) in example 
2. 3 and 4 showed increased absorption as same as of in diltiazem hydrochl o ride. 
20 Fig. 2 shows increased absorption promoting action of various calcium channel blockers. 

Absorption rate is calculated by using area under the curve (AUC) in the comparison 1 from the following equation. 

wherein I. N. : nasal administraion and S.C. : subcutaneous administration. As clearly shown in Fig. 2. absorption of 
eicatonin was enhanced in above 2 fold through nasal mucosa by administering with absorption promoter socfium gjy- 
cocholate and calciuim channel blocker as compared with sodium glycocholic acid per se. 

REFERENTIAL EXAMPLE 3 



25 



30 



A r-human insulin (gene manipulation product from yeast : specific activity 26 unrts/mg : Boehringer Mannheim Ca. 
Germany) 10 units/vial (lyophilized) was dissolved in isotonic phosphate buffer solution pH 7.4, 1 ml to prepare human 
35 insulin solution 10 units/ml (control 3). 

REFERENTIAL EXAMPLE 4 

L- a-lysdedthin (LPC : Sigma Corp.. USA) 5 mg was dissolved in isotonic phosphate buffer solution pH 7.4. 1 ml 
40 to prepare solution containing 0.5 % LPC. The solution 1 ml was added in r-human insulin 10 units/vial (lyophilized) to 
prepare r-human insulin 10 unrts/rrtl solution (control 4). 

EXAMPLES 

45 Diltiazem hydrochloride (DTZ : Sigma Corp.. U.S.A.) 10 mg was dissolved in 0.5 % L-a-lysolecithin solution (isot- 
onic phosphate buffer solution pH 6.0) 2 ml to prepare solution containing 0.5 % LPC and 0.5 % DTZ The solution 1 
ml was added in r-human insulin 10 unte/vial (lyophilized) to prepare human insulin 10 units/ml solution. 



so 



55 



EXAMPLES 

Prostaglandin R20 for injection (Prostaglandin E1 : PGE1 : Ono Pharm. Ca, Japan) 20 was dissolved in 0.5 % 
L- a-lysolecfthin (LPC) solution (isotonic phosphate buffer solution pH 7.4) 2 ml to prepare solution containing 0.5 % 
LPC and 0.001 % PGE1. The solution 1 ml was added in r-human insulin 10 unrts/vial (lyophilized) to prepare human 
insulin 10 units/ml solution. 

EXPERIMEN TS 

In vivo absorption of insulin by rats : 
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[in vivo experiment] 

Wistar rats, male (Japan SLC, body weight 200 - 250 g), fasting overnight, 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Co., Japan). 

5 Polyethylene tube was inserted into the trachea by incised in the corvex to maintain the trachea Tube, edge of 
which was dosed by cotton, was inserted into postnasal space after esophageal incision in order to prevent leak of drug 
solution from the nasal cavity to the esophagus. Administration was conducted by pouring drug solution 25 |d prepared 
in use usingmicropipette into the right naris. Blood sample 200 ul was collected from the femoral vein time dependency 
before and after administration of drug. Blood sample was centrifuged (15, 000 rpm/10 mtn./S'C) and stored at -30 °C 

io before analysis. 

QUANTITATIVE METHOD 

Blood level was assayed by using human insulin assay reagent (Boehringer Mannheim Co., Germany), an EIA of 
is one step sandwrtch method using 2 types of monoclonal antibody. 

Trme dependent curve of serum insulin concentration is shown in Rg. 3. In Fig. 3, insulin solution administered 
20 group, control 3 {•-•), shows almost no absorption through the nasal mucosa. Significant increase in absorption was 
observed in a group added with insulin. 0.5 % dirtiazem hydrochloride and 0.001 % PGEi as compared with a group of 
control 4 (O O) added with insulin and 0.5 % L-a-ryso-lecrthin (LPC). Area under the curve (AUC) of administered 
group of the preparation in example 5 (■-■) added with 0.5 % drttiazem hydrochloride and that of the preparation in 
example 6 (a- a) added with 0.001 % PGE1 , increased about 1 .7 fold and 1 8 fold, respectively, in absorption of insulin 
25 through the nasal mucosa. 

EXAMPLE 7 

In 1 ml of preparation for transmucosal administration : 

30 





1. eicatonin 


1000 units 


35 


2. socfium glycocholic acid 


5mg 




3. dHtiazem hydrochloride 


5mg 




4. glycerin 


22 mg 




5. methyl parahydraxy benzoic acid 


1 mg 


40 


6. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 5.5 






7. water for injection 


total 1 ml 



45 The preparation containing tie above was prepared. The solution was filtered aseptically (0.22 urn membrane fitter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains eicatonin 1000 units/ml and constant spray administration of 100 units of eicatonin 
can be performed by one pushing on adaptor. 

so EXAMPLE 8 

In 1 ml of preparation for transmucosal administration : 



55 



, 1. eicatonin 
2. L- a-lysolecrthin 



1000 units 
5 mg 
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(continued) 




o- prOSwQIflnOln b 1 


10 jig 


4. 0ycerin 


22 mg 


5. methyl parahydroxy benzoic acid 


1 mg 


6. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 5.5 




7. water for injection 


totai 1 ml 



The preparation containing the above was prepared. The solution was filtered aseptically (0.22 \im membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains elcatonin 1000 units/ml and constant spray administration of 100 units of eteatonin 
can be performed by one pushing on adaptor. 

EXAMPLE 9 

In 1 ml of preparation for transmucosaJ administration : 



1. elcatonin 


1000 units 


2. L- a-rysolecrthin 


5 mg 


3. isosorbidedinitrate 


0.1 mg 


4. glycerin 


17.6 mg 


5. D-sorbitol 


10 mg 


6. hydrochlonc acid/sodium hydroxoide ad libitum for adjusting to pH 5.5 




7. water for injection 


total 1 ml 



The preparation containing the above was prepared. The solution was filtered aseptically (0.22 urn membrane niter) 
35 and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray tor nasal administration to prepare 
the product. This product contains elcatonin 1000 units/ml and constant spray administration of 100 units d elcatonin 
can be performed by one pushing on adaptor. 

EXAMPLE 10 

40 

In 1 ml of preparation for transmucosal administration : 



45 


1.r-hunan insulin 


100 units 




2. sodium glycochoitc acid 


5mg 




3. diltiazem hydrochloride 


5mg 


50 


4. glycerin 


22 mg 


5. methyl parahydraxy benzoic acid 

6. hydrochloric acid/sodium hydroxoide ad tibitum for adjusting to pH 6.0 


1 mg 




7. water for injection 


total 1 mJ 



55 



The preparation containing the above was prepared. The solution was f Itered aseptically (0.22 urn membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
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the product. This product contains r -human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

EXAMPLE 11 

In 1 mt of preparation for transmucosaJ administration : 



10 


1. r-human insulin 


100 units 




2. L- a^ysolecithin 


5mg 




3. prostaglandin E1 


10|ig 


15 


4. glycerin 


22 mg 




5. benzaltoniLim chloride 


0.1 mg 




6. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 6.0 






7. water for injection 


total 1 ml 



20 



The preparation containing the above was prepared. The solution was filtered aseptically (0.22 jim membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare . 
the product. This product contains r-human insulin 1 00 units/ml and constant spray administration of 10 units of human 
25 insulin can be performed by one pushing on adaptor. 

EXAMPLE 12 

In 1 ml of preparation for transmucosaJ administration : 





1. r -human insulin 


100 units 


35 


2. L- a-lysoJecrthin 


5mg 




3. isosorbtde dinrtrate 


0.1 mg 




4. glycerin 


17.6 mg 




5. benzalkorvum chloride 


0.1 mg 


40 


6. D-sortortoJ 


10 mg 




7. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 6.0 






8. water for injection 


total 1 mi 



The preparation containing the above was prepared. The solution was filtered aseptically (0.22 um membrane filter) 
and packed asepticaly 3 mi thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

50 

REFERENTIAL EXAMPLE 5 

A solution containing pyrothiodecane (l-[2-(decytmio)ethy1]-a2acydoperitane-2-one (Hisamrtsu Pharm. Co., 
Japan) 5 mg as an absorption promoter, dipotassium gryclyrrtizic acid 10 mg as an emulsrfier and glycerin 22 mg as 
55 an isotonic agent in distilled water was prepared and homogenized by means of uftrasonicatioa a solution of which was 
adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 mJ to 
prepare 0.5 % pyrothiodecane solution. The solution thereof 1 ml was added in r-human insulin 10 unitsArial flyophi- 
lized) to prepare liquid preparation of human insulin 10 units/ml (control 5). 
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REFE RENTIAL, EXAMPLE 6 

A solution containing prostaglandin E1 (PGE1 : prostaglandin R20 for injection. Ono Pharm. Co, Japan) 0.05 mg 
and glycerin 25.7 mg as anisotonic agent in distilled water, was prepared and adjusted to pH 6.0 by adding 1 N-sodium 
5 hydroxide. The solution was measured up to 1 ml to prepare 0.005 % PGE1 solution. The solution 1 ml was added in r- 
human insulin 100 units/vial (lyophilized) to prepare liquid preparation of insulin 10 units/ml (control 6). 

EXAMPLE 13 

w A solution containing pyrothiodecane 5 mg as an absorption promotor. dipotassium giyclyrrhizic acid 10 mg as an 
emuisifier. glycerin 22 mg as an isotonic agent and vasodilator prostaglandin E1 (PGE1 : prostaglandin R20 tor injec- 
tion) 0.01 mg in distilled water was prepared and homogenized by means of Ultrasonication, a solution of which was 
adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 mi to 
prepare 0.5 % pyrothiodecane and 0.001 % PGEi solution. The solution thereof 1 ml was added in r -human insulin 10 

is units/vial (lyophilized) to prepare liquid preparation of human insulin 10 units/ml. 

EXAMPLE 14 

A solution containing pyrothiodecane 5 mg as an absorption promotor. dipotassium gtyclyrrhizic acid 10 mg as an 
20 emuisifier. glycerin 17.6 mg as an isotonic agent and vasodilator isosorbide dinrtrate (ISDN : Nitorol inj., Eizai Co., 
Japan) 0.1 mg in distilled water was prepared and homogenized by means of uUtrasonicattoa a solution of which was 
adjusted by adcfing 1 N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 ml to 
prepare 0.5 % pyrothiodecane and 0.01 % ISDN solution. The solution thereof 1 mi was added in r -human insulin 10 
units/vial (lyophilized) to prepare liquid preparation of human insulin 1 0 units/ml. 

25 

EXAMPLE 15 

A solution containing pyrothiodecane 5 mg as an absorption promotor. dipotassium giyclyrrhizic acid 10 mg as an 
emuisifier. glycerin 13.2 mg as an isotonic agent and vasodilator isosorbide dnitrate (ISDN : Nitorol inj.. Eizai Co. 
30 Japan) 0.2 mg in distilled water was prepared and homogenized by means of uUtrasonication. a solution of which was 
adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 ml to 
prepare 0.5 % pyrothiodecane and 0.02 % ISDN solution. The solution thereof 1 mJ was added in r-human insulin 10 
unrts/vial (lyophilized) to prepare liquid preparation of human insulin 10 units/ml 

35 EXAMPLE 16 

A solution containing pyrothiodecane 5 mg as an absorption promotor. dipotassium glydyrrtiizic acid 10 mg as an 
emuisifier. glycerin 17.6 mg as an isotonic agent and vasodilator nitroglycerin (MilKsroJ inj.. Nippon Kayaku Co.. Japan) 
0. 1 mg in distilled water was prepared and homogenized by means of ul&rasontcation, a solution of which was adjusted 
40 by adding i N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 ml to prepare 0.5 
% pyrothiodecane and 0.01 % nitroglycerin solution. The solution thereof 1 ml was added in r-human insulin 10 
unrts/vial (lyophiteed) to prepare liquid preparation of human insulin 10 units/ml. 

EXPERIMENT 3 

45 

In vivo absorption of insulin by rats (2) : 
pn vivo experiment] 

so Wistar rats, male (Japan SLC. body weight 200 - 250 g), fasting overnight 4 rats in a group, were anesthetized by 

pentobarbital (Nembutal inj. Dainippon Pharm. Co, Japan). 

Polyethylene tube was inserted into the trachea by incised in the corvex to maintain the trachea Tube, edge of 

which was dosed by cotton, was inserted into postnasal space after esophageal incision in order to prevent leak of drug 

solution from the nasal cavity to the esophagus. Administration was conducted by pouring drug solution 25 ul prepared 
55 in use using micropjpette into the right naris. Blood sample 200 ul was collected from the femoral vein time dependency 

before and after aoVninistration of drug. Blood sample was centrrfuged (15.000 rpm/10 mjn./5°C) and stored at -30 °C 

before analysis. 
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QUANTITATIVE METHOD 

Blood level was assayed by using human insulin assay reagent (Boehringer Mannheim Co.. Germany), an EIA of 
one step sandwich method using 2 types of monoclonal antibody. 

5 

RESULT 

Time dependent curve of serum insulin concentration is shown in Fig. 4. In Fig. 4, insuln solution administered 
group, control 3 (#-•), shows almost no absorption through the nasal mucosa. Similarly, a solution containing insulin 

w and 0.005 %PGE1 (control 6) administered group (OO) shows almost no absorption. Significant increase in absorp- 
tion of insulin from nasal mucosa was observed in the group of the preparation of example 1 3 {m-m) added with insulin, 
0.5 % pyrothiodecane and 0.001 % PGEI, the group of the preparation of example H ( a-a) added with 0.01 % ISDN, 
the group of the preparation of example 15 (on) added with 0.02 % ISDN, and the group of the preparation of example 
16 added with 0.0 1 % nitroglycerin (+ - +) as compared with the conventional preparation of the group of control 5 (a- 

* 5 containing insulin and 0.5 % pyrothiodecane. Area under the curve (AUG ; 0 - 2 nr.) of these administered groups of 
the preparation increased significantly about 1 .7 fold, 1 .9 told, 2.0 folds and 2.4 folds, respectively, as compared with 
the administered group of the control 6. 

EXAMPIE17 

20 

In 1 ml of preparation for transmucosal administration : 



25 


1 . r-human insulin 


100 units 




2. pyrothiodecane 


5mg 




3. PGEI 


0.005 mg 


30 


4. dipotassium glycyrrhizic acid 


10 mg 




5. glycerin 


22 mg 




6. benzalkonium chloride 


0.1 mg 




7. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 6.0 




35 


8. water for injection 


total 1 ml 



The preparation containing the above was prepared. The solution was filtered aseptically (0.22 urn membrane f iter) 
and packed asepticaUy 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
40 the product. This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

EXAMPLE 18 

45 In 1 ml of preparation for transmucosal administration : 



1. r-human insulin 


100 unite 


2 pyrothiodecane 


5mg 


3 PGEI 


0.01 mg 


4. d [potassium glycyrrhizic acid 


10 mg 


5. glycerin 


22 mg 


6. benzalkonium chloride 


0.1 mg 


7. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 6.0 
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8. water for injection 



total 1 ml 



5 The preparation containing the above was prepared. The solution was fitter ed aseptically (0.22 urn membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains r-human insulin 1 00 units/mi and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

io E XAMPLE 19 

In i ml of preparation for transmucosal administration : 



15 





1. r-human insulin 


100 units 




2. pyrothiodecane 


5mg 




3. isosorbidedinitrate 


0.1 mg 


20 


4. dipotassium glycyrrhizic acid 


10 mg 




5. glycerin 


17.6 mg 




$. benzalkonium chloride 


0.1 mg 


25 


7. D-sorbitoi 

9. hydrochloric acid/sodium hydroxoide ad I factum for adjusting to pH 6.0 


10 mg 




9. water for injection 


total 1 mJ 



The preparation containing the above was prepared. The solution was filtered aseptically (0 .22 urn membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

EXAMPLE SQ 

In 1 ml of preparation for transmucosal administration : 



1 . r-human insufin 


100 units 


2. pyrothiodecane 


5mg 


3. isosorbide dinitrate 


0.2 mg 


4. dipotassium glycyrrhizic acid 


10 mg 


5. glycerin 


13.2 mg 


6. benzalkonium chloride 


0.1 mg 


7. D-sortHtol 


20 mg 


8. hydrochloric acid/sodium hydroxoide ad ttortum for adjusting to pH 6.0 




9. water for injection 


total 1 ml 



The preparation containing the above was prepared. The solution was tittered aseptically (0.22 um membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal admintstration to prepare 
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the product. This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

EXAMPLE 21 

5 

In 1 mi of preparation for transmucosal administration 



w 


1. r-human insulin 


100 units 




2. pyrothiodecane 


5mg 




3. nitroglycerin 


0.1 mg 


15 


4. dipotassium glycyrrhizic acid 


10 mg 




5. glycerin 


17.6 mg 




6. beazalkonium chloride 


0.1 mg 




7. D-mannrtol 


10 mg 


20 


6. hydrochloric acid/sodium hydroxoide ad Ifertum for adjusting to pH 6.0 






9. water for injection 


total 1 ml 



25 The preparation containing the above was prepared. The solution was filtered aseptically (0.22 *un membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

30 REFERENTIAL E^PLg 7 

A solution containing isoGOfbide (ISDN : NHorol inj. Eizai Co., Japan) 0.1 mg and glycerin 25.7 mg an an isotonic 
agent in distilled water, was prepared and acjusted to pH 6.0 by adding 1 N-sodium hydroxide. The solution was meas- 
ured up to 1 ml to prepare 0.01 % ISDN solution. The solution 1 ml was added in luteinizing hormone-releasing hor- 
35 mone (LH - RH. Sigma Corp., USA) 100 jigArial (lyophilized) to prepare liquid preparation of LH • RH in 100 \iQ/m\ 
(control 7). 

REFERENTIAL EXAMPLE 9 

40 A solution containing pyrothiodecane 5 mg as an absorption promotor, dipotassium glyctyrrhizic acid 1 0 mg as an 
emuisif ier aid glycerin 22 mg as an isotonic agent in distilled water was prepared and homogenized by means of uJltra- 
sonicaton, a solution of which was adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was 
adjusted to measure up to 1 ml to prepare 0.5 % pyrothiodecane solution. The solution thereof 1 ml was added in lutei- 
nizing hormone-releasing hormone (LH - RH, Sigma Corp., U S A.) 100 nQtwa) (lyophilized) to prepare liquid prepare- 
rs tion of LH - RH in 1 00 (control 8). 

EXAMPLE 22 

A solution containing pyrothiodecane 5 mg as an absorption promotor, dipotassium glyclynrhizic acid 1 0 mg as an 
so emuisif ier. glycerin 17.6 mg as an isotonic agent and vasodilator isosortxJe di nitrate (ISDN : Nrtorol inj., Eizai Co.. 
Japan) 0.1 mg in distilled water was prepared and homogenized by means of ulltrasonicatioa a solution of which was 
adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume o\ the solution was adjusted to measure up to 1 ml to 
prepare 0.5 % pyrothiodecane and 0.01 % ISDN solution. The solution thereof 1 ml was added in luteinizing hormone- 
releasing hormone (LH - RH. Sigma Corp.. U.S.A.) 100 »igMal (lyophilized) to prepare liquid preparation of LH - RH in 
55 100 ug/rnl. 
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EXPERIMENT A 

In vivo absorption of LH - RH by rats : 
5 [in vivo experiment) 

Wistar rats, male (Japan SLC. body weight 200 - 250 g), lasting overnight 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Ca, Japan). 

Polyethylene tube was inserted into the trachea by incised in the corvex to maintain the trachea. Tuba edge of 
w which was dosed by cotton, was inserted into postnasal space after esophageal incision in order to prevent leak of <frug 
solution from the nasal cavity to the esophagus. Administration was conducted by pouring drug solution 10 jig/0.1 
mg/kg prepared in use using rrbcropipette into the right naris. Blood sample 200 jil was collected from the femoral vein 
time dependency beforeand after administration of drug. Blood sample was centrifuged (1 5.000 rpm/10 rrtnTS °C) and 
stored at -30 °C before analysis. 

15 

QUANTITATIVE METHOD 

Blood level was assayed by using LH - RH assay reagent (Peninsula Corp., USA), an competitive EIA method. 
20 RESULT 

Time dependent curve of serum LH - RH concentration is shown in Fig. 5. In Ftg. 5. the administered group of con- 
trol 7 containing LH - RH and 0.01 % ISDN ( *•) shows almost no absorption through the nasal mucosa. Significant 
increase in absorption was observed in a group added with LH - RH, 0 5 % pyrothiodecane and 0 01 % ISDN of me 
25 present invention (■-■) as compared with a group of control 8 (a-a) containing conventional preparation of LH - RH and 
0.5 % pyrothiodecane. Area under the curve (AUC ; 0-2 hr.) of the administered group of the present invention 
increased about 1 .5 fold as compared with the AUC of the control a 

EXAMPLE 23 

30 

In 1 ml of preparation for transmucosal administration : 



35 


1.LH-RH 


5mg 




2. pyrothiodecane 


5mg 




3. isosorbide cSnrtrate 


0.1 mg 


40 


4. dipotassium glycyrmizic acid 


10 mg 


5. glycerin 


17.6 mg 




& benzalkontum chloride 


0.1 mg 




7. D-sorb*d 


10 mg 


45 


a hydrocttoric add/sodium hydroxoide ad Itortum for adjusting to pH 6.0 






9. water for injection 


total 1 ml 



so The preparation containing the above was prepared. The solution was tittered aseptically (0.22 jim membrane filter) 
and packed asepfcalty 3 ml thereof in a vial proper to quantitative mechanical spray tor nasal administration to prepare 
the product. This product contains LH - RH 5 mg/mf and constant spray administration of 0.5 mg of LH - RH can be per- 
formed by one pushing on adaptor. 

55 REFERENTIAL EXAMPLE 9 

Isosorbide dinitrate (ISDN : Nrtord inj., Eizai Co, Japan) 0.2 mg was dissolved in isotonic phosphate buffer solution 
pH 7.4, 1 ml to prepare solution to prepare a solution containing 0.02 % ISDN. The solution 1 ml was added in r-human 
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insulin 10 units/vial (tyophifized) to prepare human insulin 10 unrts/ml solution (control 9). 
EXAMPLE 24 

5 Isosorbide tfnitrate (ISDN : Ntord inj., Eizai Co.. Japan) 0.1 mg dissolved in 0.5 % L-a-lysolecithin solution (isot- 
onic phosphate buffer solution pH 7.4) 1 ml to prepare solution containing 0.5 % IPC and 0.01 % ISDN. The solution 1 
ml was added in r-human insulin 10 units/vial (lyophilized) to prepare human insulin 10 units/ml solution. 

EXAMPLE 25 

w 

Nitroglycerin (Millisrol inj.. Ninon Kayaku Co., Japan) 0.1 mg dissolved in 0.5 % L-cHysolecithin solution (isotonic 
phosphate buffer solution pH 7.4) 1 ml to prepare solution containing 0.5 % LPC and 0.01 % nitroglycerin. The solution 
1 ml was added in r-human insulin 10 units/vial (lyophilized) to prepare human insulin 10 units/ml solution. 

In vivo absorption of insulin by rats (3) : 
[in vivo experiment] 

20 

Wistar rats, male (Japan SLC. body weight 200 - 250 g), fasting overnight 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Co., Japan). 

Polyethylene tube was inserted into the trachea by incised in the corvex to maintain the trachea. Tube, edge of . 
which was dosed by cotton, was inserted into postnasal space after esophageal incision in order to prevent leak of drug 
25 solution from the nasal cavity to the esophagus. Administration was conducted by pouring drug sokrtion 25 pi prepared 
in use using mtcroppette into the right nans. Blood sample 200 pi was collected from the femoral vein time dependency 
before and after administration of drug. Blood sample was centrifuged (15.000 rpm/10 min./5°C) and stored at -30 °C 
before analysis. 

so QUANTITATIVE M^JHpD 

Blood level was assayed by using human insulin assay reagent (Boehrtnger Mannheim Co.. Germany), an EIA of 
one step sandwrtch method using 2 types of monoclonal antibody. 

35 RESULT 

Insulin solution administered group, control 3 shows almost no absorption through the nasal mucosa. Similarly, a 
solution containing insulin and 0.02 % isosorbide dinrtrate (ISDN) (control 6) administered group shows almost no 
absorption. Significant increase in absorption of insulin from nasal mucosa was observed in the group of the prepara- 
40 tion of example 24 added with insulin, 0.5 % LPC and 0.01 % ISDN or 0.01 % nitroglycerin and the group of the prep- 
aration of example 25 added with 0.01 % nitroglycerin as compared with that of the prior known conventional 
preparation of control 4 containing insulin and 0.5 % L-a-lysolecithin (LPC). Area under the curve (AUC ; 0 * 2 nr.) of 
these administered groups increased about 1 .7 fold and 1.5 folds, respectively, as compared with the administered 
group of the control 4. 

45 

EXAMPLE 26 

In 1 ml ol preparation for transmucosal administration : 



50 





1. r-human insulin 


100 units 




2. L- a-lysolecithin 


5mg 


55 


3. nitroglycerin 


0.1 mg 




4. glycerin 


17.6 mg 
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(continued) 






S. benzol tonium chloride 


0.1 mg 




6. D-mannitoi 


10 mg 


5 


7. hydrochloric acid/sodium hydroxoide ad Ibrtum for adjusting to pH 6.0 






8. water for injection 


total 1 ml 



The preparation containing the above was prepared. The solution was filtered asepticaly (0.22 urn membrane filter) 
w and packed asepticalty 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product This product contains r-human insulin 1 00 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

EFFKT QF THE INVENTION 

15 

A preparation containing physiologically active peptide for transmucosaJ administration of the present invention 
shows increasing effect of absorption from nasal mucosa with using minimum amount of absorption promoter without 
detrimental effect on mucosa. 

so Claims 

1. A preparation for transmucosaJ administration comprising a physiologically active peptide, at least admixed with an 
absorption promoter having absorption promoting actan for the physiologically active peptide on nasal mucosa or 
rectal mucosa and a compound having vasodilating activity. 

25 

2. The preparation for transmucosaJ administration according to claim 1 wherein the absorption promoter having 
absorption promoting action tor the physiologically active peptide on nasal mucosa or rectal mucosa has the 
absorption promoting action with improved absorption rate of above 200 % on nasal mucosa or rectal mucosa as 
compared with a preparation without absorption promoter when insulin is used as the physiologically active pep- 

30 tide. 

3. The preparation tor transmucosaJ administration according to ctaim 1 wherein the absorption promoter is one or 
more numbers thereof selected from the group consisting of salt of bile add, salt of fusidic acid, salt of glycyrrhizic 
abd r salt of O-acyM-carnrtine. phospholipid, non-ionic surface active agent cydodextrin, higher fatty acid. 1-alkyt- 

36 2-pyrrotidone derivative, 1 4odecyta2acydcneptane-2-cro. bacitracin, sodium azuJenesuffonate and azacydoal- 
kane denvatrveof the formula (1] 



c 




(CH, ) m-N- (CH, ) n-S-R 



wherein R is an alkyl, m is an integer of 2 - 4 and n is an integer of 1 - 1 5, provided that R is an alkyt with a carbon 
number of 5 * 1 1 in case where n is 1 - 3. 

so 

4. The preparation for transmucceal administration according to daim 3 wherein salt of bile acid is one or more num- 
bers thereof selected from the group consisting of sodium taurochotete, sodium gfycocholate and sodium deoxy- 
cholata 

55 5. The preparation for transmucosaJ administration according to claim 3 wherein salt of fusidic acid is one a more 
numbers thereof selected from the group consisting of sodium fusidic acid and tauro-24, 25<lihydrofusidic add. 

6. The preparation for transmucosaJ administration according to daim 3 wherein salt of glycyrrhizic acid is one or 
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nxxe numbers thereof selected from the group consisting of salt of glycyrrtiizic acid and disodium 3-succinytoxyg- 
lycyrrhizic acid (carbenixolon) 

7. The preparation for transmucosal administration according to claim 3 wherein saft of O-acyl-L-carnitine is Oacyl- 
5 L-carnitine having C e . 18 acyl. 

8. The preparation for transmucosal administration according to claim 3 wherein salt of O-acyl-L-carnitine is one or 
more numbers thereof selected from the group consisting of salt of O-octanoyl-L-carnitine, salt of O-lauroyK-car- 
nitine and salt of O-palmrtoyl-L-carnitine. 

w 

9. The preparation for transmucosal administration according to claim 3 wherein phospholipid is one or more numbers 
thereof selected from the group consisting of phosphatidylcholine (lecithin), lisophosphatidylcholine (rysolecithin) 
and lysophosphatidylglycerd. 

15 10. The preparation for transmucosal administration according to claim 3 wherein non-ionic surface active agent is one 
or more numbers thereof selected from the group consisting of potyoxyalkylene higher alcohol ether, potyoxy- 
alkyiene alkyiphenol and sucrose fatty acid ester. 

1 1 . The preparation for transmucosal administration according to claim 3 wherein non-ionic surface active agent is one 
20 or more numbers thereof selected from the group consisting of potyoxyalkylene lauryl and poJyoxyalkytene (24) 

cholesteryl ether. 

12. The preparation for transmucosal administration according to daim 3 wherein cyctodextrin is one or more numbers . 
thereof selected from the group consisting of a-cyctodextrin, p-cydodextrin, r-cyctodextrin and dimethyl- p-cydo- 

25 dextrin. 

13. The preparation for transmucosal administration according to claim 3 wherein higher fatty acid is higher fatty acid 

of C 16 _20 

30 14. The preparation for transmucosal administration according to daim 1 3 wherein higher fatty acid of C ^20 « one or 
more numbers of C 18 higher fatty acid selected from the group consisting of oleic acid, Knoleic acid and linolenic 
acid. 

15. The preparation for transmucosal administration according to daim 3 wherein 1 -aikyl-2-pyrrolidone derivative is 
35 one or more numbers thereof selected from the group consisting of C *. 12 alkyi. 

16. The preparation for transmucosal administration according to claim 15 wherein alkyi is one or more numbers 
thereof selected from the group consisting of butyl, pentyl, hexyl. heptyi, octyt, nonyt, decyl, undecyl and dodecyl. 

40 1 7. The preparation for transmucosal administration according to claim 3 wherein azacydoalkane derivative of the for- 
mul Cl ) is azacydoalkane derivative in which R is C 10 afcyl, m is 3 and n is 2, i.e. 1-(2-(decytthio) ethyl) azacy- 
dopentane-2-ana 

18. The preparation for transmucosal administration according to daim 1 wherein the absorption promoter is admixed 
45 with 0.01 -5 wwotrt % of the said preparation. 

19. The preparation for transmucosal administration according to daim 1 wherein the compound having vasodilating 
activity is one or more numbers thereof selected from the group consisting of calrium channel blocker of molecular 
weight 200 - 700, prostaglandin E1, isosorbide dinrtrate and nitroglycerin. 

50 

20. The preparation for transmucosal administration according to daim 19 wherein cateium channel blocker is difttazem 
hydrochloride, verapamil hydrochloride, bepridil hydrochloride, nifedipine hydrochloride, nicardipine hydrochloride 
and fasudH hydrochloride. 

55 21. The preparation for transmucosal administration accord ng to claim 1 wherein the compound having vasodilating 
activity is admixed with below 1/2 of minimum usual dose as an effective component of the said compound in the 
preparation for transmucosal administration. 
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22. The preparation for transmucosal administration according to claim 1 wherein molecular weight of the physiologi- 
cally active peptide is 300 - 10,000. 

23. The preparation for transmucosal administration according to claim 1 wherein the physiologically active peptide is 
5 selected from the group consisting of insuline. calcitonin, human PTH (1 • 34), calcitonin gene related peptide 

(CGRP), angiotensin II, vasopressin, desmopressin acetate. busereJin acetate, gosereJin acetate, nafarelin ace- 
tate. leuproreJin acetate, somatostatin, glucagon, oxytocin, secretin, LH - RH. ACTH, TRH, TSH. ANP or derivatives 
containing synthetic or semisynthetic compound thereof. 

w 24. The preparation for transmucosal administration according to claim 23 wherein calcitonin is a compound selected 
from the group consisting eel calcitonin, salmon calcitonin, porcine carcitonin, human calcitonin and chicken card- 

tonin. 

25. The preparation for transmucosal administration according to claim 24 wherein eel calcitonin is ASU 17 eel calci- 
is tonin (elcatonin). 

2$. The preparation tor transmucosal administration according to claim 23 wherein insulin is a compound selected from 
the group consisting human insulin, porcine insulin and bovine insulin. 

20 27. The preparation for transmucosal administration according to claim 1 wherein the preparation for transmucosal 
administration is at least one of the preparation for administration in nasal mucosa, oral mucosa, pulmonary 
mucosa, rectal mucosa, vaginal mucosa or ocular mucosa. 

25 



30 



35 
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45 
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